Thus this work reveals that the TGFβ/BMP co-receptor endoglin affects endothelial cell behaviours in response to a combination of ligand-mediated signals and flow-mediated signals, and suggests that endoglin integrates endothelial cell responses to these diverse outputs in previously unappreciated ways that remain to be explored. Nevertheless, the studies had some limitations. Eng-dependent cell shape changes documented in the zebrafish dorsal aorta were not robust in the mouse aorta, indicating possible species-specific differences. The Eng-mutant endothelial cell migration defects seen in mouse vessels were not assessed in the regenerating fish fin, where migration against flow is a hallmark. Finally, exactly how endoglin fits into flow-mediated sensing mechanistically remains to be determined, as it appears to be required for proper endothelial cell sensing of both the amplitude and direction of blood flow, yet several aspects of endothelial cell flowsensing were not affected by Eng perturbations. It is interesting that Eng-dependent changes in a Notch target were found, and Notch signalling is implicated in flow-mediated endothelial cell responses and arterial identity, with its loss leading to AVMs 5 . Further investigation of Eng-dependent vascular processes may reveal Notch-dependent interactions that are distinct from other flow-sensing modalities.
with the direction of flow was not perturbed in endothelial cells with reduced endoglin levels 4 . Both groups attempted to place endoglin function in the context of other signalling pathways, as previous work showed that Eng loss was not sufficient for AVM formation. Consistent with previous studies showing that VEGFA signalling exacerbates AVM formation in Eng mutant mice 15 , Jakobsson and colleagues found that endothelial cells lacking Eng have perturbed VEGFR2 receptor trafficking, although the magnitude and kinetics of receptor phosphorylation were not affected 3 . They also found changes in AKT but not ERK signalling downstream of Eng perturbations, and both a VEGFA signalling inhibitor and an AKT/PI(3)K inhibitor partially rescued AVM formation in vivo. Consistent with an earlier study 11 , expression of the flow-regulated gene Klf2 was not reduced by Eng loss, although expression of the Notch target gene Hey1 was reduced in endothelial cells with endoglin knockdown and not further downregulated by flow-induced shear stress. Siekmann and colleagues also investigated the flow-sensing capability of eng mutant endothelial cells and found that klf2-mediated flow sensing was not impaired in vivo, nor was endothelial cell flowdependent alignment in vitro compromised 4 , leaving the mechanism of endoglin-mediated flow sensing in endothelial cells unclear.
Thus this work reveals that the TGFβ/BMP co-receptor endoglin affects endothelial cell behaviours in response to a combination of ligand-mediated signals and flow-mediated signals, and suggests that endoglin integrates endothelial cell responses to these diverse outputs in previously unappreciated ways that remain to be explored. Nevertheless, the studies had some limitations. Eng-dependent cell shape changes documented in the zebrafish dorsal aorta were not robust in the mouse aorta, indicating possible species-specific differences. The Eng-mutant endothelial cell migration defects seen in mouse vessels were not assessed in the regenerating fish fin, where migration against flow is a hallmark. Finally, exactly how endoglin fits into flow-mediated sensing mechanistically remains to be determined, as it appears to be required for proper endothelial cell sensing of both the amplitude and direction of blood flow, yet several aspects of endothelial cell flowsensing were not affected by Eng perturbations. It is interesting that Eng-dependent changes in a Notch target were found, and Notch signalling is implicated in flow-mediated endothelial cell responses and arterial identity, with its loss leading to AVMs 5 . Further investigation of Eng-dependent vascular processes may reveal Notch-dependent interactions that are distinct from other flow-sensing modalities.
Reversing stratification during wound healing

Denis Headon
The involvement of proliferation and migration in epidermal healing has long been recognized, but three studies now reveal how a variety of individual cell behaviours achieve a collective epithelial response, and how diverse repair routes are taken by cells of different origins.
Epidermal homeostasis is achieved through widespread proliferation of the progenitor cells located on the basal layer. Differentiating keratinocytes move up through the epidermal strata to contribute to the external barrier and are ultimately cast from the surface 1 . Departure from the basement membrane is seen as a point of no return, resulting in termination of a cell's lineage. Physically contiguous with the epidermis are the hair follicles, which are compartmentalized such that their cells do not normally enter the interfollicular epidermis. When a wound is inflicted, however, cells pour out of the hair follicles to join the coordinated sheet of epidermis flowing inwards to seal the damage 2 . Wounded epidermis is activated to induce repair, with massive proliferation and migration occurring to recover the skin's integrity. Three recently published studies [3] [4] [5] reveal the organization of this process through clonal analysis and direct observation of individual cellular behaviours, defining epidermal zones with distinct roles in healing. Together their findings delineate the general cellular behaviours that operate to repair the skin, and the unexpected behaviour of epidermal cells in certain niches.
The cellular mechanism underlying the movement of the epidermal front across a wound bed has been a subject of some debate, with two general models proposed. One suggests a smooth flow of epidermis, following the homeostatic rule of unidirectional basalto-suprabasal transfer of cells, with front edge movement achieved by basal cells themselves migrating across the wound Park et al. 3 and Aragona et al. 4 , whose studies were published in March 2017 in Nature Cell Biology and Nature Communications respectively, map the anatomy of the woundresponding epidermis. They identify two concentric zones of cellular activity: immediately around the wound edge, characterized by rapid cell migration and absence of cell division, and further recessed from the edge, marked by high proliferation with little migration along the basement membrane. Park et al. 3 showed through photolabelling and live imaging of cells at different distances from the wound edge that these zones overlap, such that the band of cells, both proliferative and migratory, serves as the major source of surface expansion, promoting the extension of the epithelial sheet ( Fig. 1) . At least some of the suites of cell behaviours typifying each distinct zone were found to be separable. In particular, Aragona et al. 4 found that the cellular identity of the leading edge is maintained upon induction of proliferation in this normally quiescent region, suggesting that independent inputs, perhaps arising from the diverse cell types involved in wound healing, regulate distinct keratinocyte activities. Of these varied activities, local migration, driven by a Rac1-dependent process, is more important than proliferation in achieving timely epithelial resealing 3, 4 . Both of these studies 3, 4 identified striking conservation of general homeostatic mechanisms in activated epidermis. Despite its intense proliferative activity, progenitor cell dynamics inferred from clonal analysis in wounded skin readily fit a model adapted from homeostatic conditions, albeit initially fuelled by the induction of upstream stem cell divisions 4 . This finding stands in contrast to the example of oesophageal epithelium, in which homeostatic rules normally resemble those of the epidermis, but the balance of progenitor renewal and differentiation changes radically upon wounding 8 . Also matching homeostatic behaviour, tracking of stratification by photolabelling different epidermal strata shows that at the leading edge keratinocytes are only detected moving to more superficial layers, without re-entry to the basal compartment by suprabasal nuclei. Together with the observation of efficient basal cell migration directly across the wounded dermis 3 , these studies of the leading edge do not support its characterization as a turbulent cellular wave, as put forward by the leapfrogging model.
Although a suprabasal-to-basal transition was not detected in the leading edge, the question remains whether such a reattachment could occur in vivo under any circumstances. Donati et al., in this issue of Nature Cell Biology, address this question. Their story begins in the short duct tucked away between the sebaceous gland and the hair follicle's main canal (Fig. 1) . Starting by defining the transcriptional profile of this region, they identified Gata6, expressed specifically in the sebaceous duct and in a collar around the follicle, as a master regulator of cells in this region. Gata6 was expressed in basal and, more strongly, in suprabasal cells, such that a range of keratinocyte differentiation states were represented in the Gata6-positive pool.
To test the intrinsic developmental potential of the suprabasal Gata6-positive cells, they were isolated and tested in a skin reconstitution assay. Some of these cells incorporated into the forming basal layer, showing that they can acquire basal location and function when given direct access to this regenerating compartment. However, this experimental situation did not address whether the architecture of the normal epidermis would ever permit such a suprabasal-to-basal transition. Reducing interferon'ce in stem cells
Alycia Gardner and Brian Ruffell
Little is known regarding how the interactions of stem cells with the immune system regulate their plasticity. A study now describes a mechanism by which normal breast and cancer stem cells utilize miR-199a to downregulate the corepressor LCOR and minimize responses to type I interferon.
The mammary epithelium is composed of two main lineages: luminal epithelial cells and basal myoepithelial cells, named for their location around the ductal lumen or the basal position near the basement membrane, respectively 1 . Of these, the basal lineage (identified as CD49f hi CD29 hi CD24 +/mod Sca1 low ) contains a population of mammary stem cells and is strongly associated with triplenegative breast cancer (TNBC), hinting that an improved understanding of the stem cell phenotype may have clinical implications in breast cancer 1, 2 . Numerous microRNAs (miRNAs) have been shown to regulate the process of self-renewal and differentiation in stem cells 3 . For the most part this has been ascribed to regulation of critical target genes directly responsible for these processes, with comparatively less attention paid to the role of miRNAs in modulating the interaction of stem cells with their niche 4 . Accordingly, although the immune system is an important regulator of tissue homeostasis, little is known regarding the impact of inflammatory cytokines on stem cell properties during tissue regeneration or cancer 5 . In this issue of Nature Cell Biology, Celià-Terrassa et al. 6 describe a conserved mechanism by which normal mammary and breast cancer stem cells alter their responses to inflammatory mediators through expression of miR-199a. Specifically, they identify that a miR-199a-LCOR (ligand-dependent nuclear receptor corepressor) axis regulates cellular responses to type I interferon (IFN).
The authors first identified miR-199a as one of 23 miRNAs upregulated in the mammary stem-cell-enriched basal population (Lin -CD24 + CD29 high ) compared with the luminal population (Lin -CD24 + CD29 low ) of primary mouse mammary epithelial cells. However, unlike the other targets tested, only overexpression of miR-199a enhanced By tracing the lineage of the Gata6-positive cell population in vivo, Donati et al. showed that in unperturbed conditions its progeny were restricted to the Gata6-expressing compartment. Within follicles close to a wound, however, the Gata6 lineage expanded, populating the body of the sebaceous gland and the lower hair follicle. Remarkably, upon nearby wounding, Gata6 lineage cells also exited the follicle to enter the interfollicular epidermis suprabasally, but were detected on the basal layer close to the follicle opening a few days later, re-expressing basal markers and producing stacks of differentiating progeny. To confirm this surprising observation, the authors performed time-lapse imaging of individual Gata6 lineage marked cells upon follicle exit to achieve a direct observation of the process of re-contact inferred from lineage tracing. They found that this remarkable downward transit was limited to a period of a few hours, and to the region around the hair follicle mouth, showing that, in principle, nuclei entering the epidermal suprabasal compartment can reconnect with the basal layer and resume production of a cellular lineage.
The hair follicles' contribution to healing is thus shown to involve unexpected behaviours, with Agorna et al. 4 identifying extra stem divisions in cells derived from the upper follicle, yielding larger clones than those arising exclusively from the interfollicular epidermis, and Donati et al. 5 revealing basal compartment reintegration of some cells from the Gata6 lineage. The insights gained from these studies immediately raise intriguing questions and opportunities. Of great interest is whether the follicle's cells have intrinsic potential to perform these feats, or whether they are enabled by a specialized peri-follicular environment 9 . Defining the sequence of events involved in basal compartment re-entry, including identification of the adhesion molecules responsible and the types of cellular processes that make the earliest contact with the basement membrane, should be tractable based on the limited timeframe in which this transit occurs. This example opens up the possibility that epithelial reintegration 10 may occur more commonly than currently thought in stratified epithelia.
After approaching the wound edge, cells contribute to epidermal flow powered largely by migration, defining the bulk of the activity in wound closure. With the clear mapping of the epidermal wound-response zones it is now possible to dissect how each aspect of healing behaviour is regulated, and the likely varied sources of these inputs that achieve efficient wound reepithelialization. This will reveal fundamental underpinnings of keratinocyte function and permit accurate assessment of how these processes become stalled in the chronic wounds common in elderly and diabetic patients, leading the way to improved therapeutic interventions.
